Despite the importance of the pearl cichlid Geophagus brasiliensis for the aquarium fish trade worldwide and its wide distribution, many aspects of its biology, such as the relationships between its feeding ecology and reproductive behavior, are not fully understood in natural conditions on its native habitat. In this paper, we investigated its diet focusing on how differences in diet and food consumption are related to differences in gender and sexual maturity. The digestive tract of each individual was dissected and had its content analyzed, whereas each gonad was microscopically analyzed to determine gender (male/female) and sexual maturity (immature/mature). A total of 28 females and 31 males were analyzed. Mature individuals were more common than immature specimens both for males (64.50%) and females (64.30%). The analysis of 52 individuals with non-empty digestive tracts revealed a diet comprised of 27 items. According to the Index of Alimentary importance (%IAi), the most important food items in the diet were Gastropoda (37.30%), fragments of vascular plants (15.16%), detritus (10.14%), Amphipoda (9.24%), and fish scales (6.29%). Mature males had more empty stomachs (65.00%) when compared to immature males (27.27%) and immature (55.56%) and mature females (40.00%). Also, mature females seemed to have more food consumption (greater mean values of total volume) in their digestive tracts than mature males. Some hypotheses are proposed in order to distinguish if this gender-based difference in food consumption in mature individuals of the pearl cichlid could be associated with the development of primary and secondary sexual characteristics or with asymmetrical time invested in parental care activities.
Introduction
One of the most emblematic species among Neotropical fishes is the pearl cichlid Geophagus brasiliensis (Quoy & Gaimard, 1824) , which has high commercial value in the aquarium fish trade worldwide due to its beautiful coloration (Innes, 1954) . The pearl cichlid has a wide distribution range along the coastal drainages of eastern and southern Brazil and Uruguay, occurring in an array of aquatic systems like streams (Uieda, 1983; Sabino & Castro, 1990) , ponds (Vono & Barbosa, 2001) , flood plains (Meschiatti, 1995) , coastal lagoons (Aguiaro & Caramaschi, 1995; Loebmann & Vieira, 2005) , and also in estuaries (Chao et al., 1985; Garcia et al., 2003) . It has been reported to occur in different sites along the Patos-Mirim lagoon complex (14,000 km) in southern Brazil such as the São Gonçalo channel connecting Mirim and Patos lagoons , in lakes and wetlands of the Taim Ecological Reserve , and in the estuarine zone of Patos Lagoon (Garcia et al., 2003) .
However, despite its importance for the aquarium fish trade worldwide and its wide distribution, many aspects of its biology, such as the relationships between its feeding ecology and reproductive behavior, is not understood in natural conditions on its native habitat. Cichlids exhibit a diverse array of feeding and reproductive adaptations that can change across sex and body size. Most part of the Geophagine display some kind of parental care, including guarding the eggs in a nest or substrate or brooding them in their mouth (Barlow, 2000) . In many cases, parental care is associated with reduction in foraging and also with the percentage of empty stomachs (PES) (Arrington et al., 2002) . Species with high PES feed less often than species that have lower PES values (Arrington et al., 2002; Vinson & Angradi, 2011) . If there are differences in time spent on parental care by male and females, it is plausible to hypothesize that would occur differences on foraging and food consumption between genders. Currently, no prior studies had investigated the relationships between diet and reproductive aspects of the pearl cichlid in order to evaluate this hypothesis.
Previous studies on the diet of G. brasiliensis have shown that the pearl cichlid is an omnivorous fish preying mainly upon crustaceans, insects and plant matter (Nomura & Carvalho, 1972; Uieda, 1983; Sabino & Castro, 1990; Abelha & Goulart, 2004) . However, up to our knowledge, no published study has directly investigated the relationships between diet and reproductive aspects of wild pearl cichlid populations. In this paper we investigated the feeding ecology of G. brasiliensis occurring in a subtropical lagoon complex, focusing on how differences in diet composition, food consumption and PES are related to differences in gender and sexual maturity.
Material and Methods

Field collections
Specimens were obtained from the database of two sites of the Brazilian Long Term Ecological Research (B-LTER) program that have been monitoring, since 1999, the ichthyofauna at the Taim Hydrological System (site 7) (Motta Marques et al., 2002) and Patos Lagoon and its estuarine zone (site 8) (Seeliger & Odebrecht, 2010) . These ecosystems are connected via a 75 km long natural channel locally know as São Gonçalo (Fig. 1a-b) . Individuals analyzed in this study were collected with beach seine hauls in the shallow waters (<1.5 m) of four locations along the Patos-Mirim lagoon complex (Fig. 1b) on Autumn (March, April, and May) and Winter (July) of 2004, and on Summer (December, January, and February) of 2004-2005. The beach seine was 9 m long and 1.8 m high, with 13mm mesh in the wings and 5mm in the center and bag. Individuals were fixed in the field with 10% formaldehyde. Multidimensional scaling (MDS) analysis based on a presence/absence matrix (binary data) and the Bray-Curtis similarity index did not reveal differences in diet composition among site collections (stress: 0.19). Therefore, we pooled our dataset for the subsequent data analysis of diet and food consumption in relation to gender and sex maturation.
Sampling processing and data analyses
In laboratory, each individual had its total length (TL, mm) and weight (g) measured. After, they had their digestive tract and gonads dissected, which were later preserved in 70°GL alcohol for analysis of food content and reproductive aspects (sex determination and sexual maturity), respectively. Using a stereoscopic binocular microscope, each food item found in the digestive tract was identified to the lowest taxonomic level possible based on the literature (Thorp & Covich, 2001; Voshell, 2002; Ruppert & Barnes, 2003) .
Sex determination and sexual maturity were obtained based on the histological analysis of the gonads. After been removed from each specimen, gonads were fixed in 4% paraformaldehyde solution for 24h. After fixation, gonads were dehydrated in successive concentrations of alcohol 70%, 80%, 90%, and two 100% baths for 20 min each. Then, they were diafanated in two xylene bath (10 min each), infiltrated in two Paraplast X-tra bath (sigma P-3808) (15 min each), and finally included on Paraplast X-tra. After, gonads were microtomized transversely at 4 μm and stained with hematoxylin-eosin (2) and Mallory's Trichrome (2). Gender and sexual maturity were determined by the analysis of the sections under an optical microscope (BX51 -Olympus) under increase of up to 100X, considering the typical morphology for each stage of development of oogonia and spermatogonia. The ovaries were assigned a stage based on the most advanced stage of oocyte development, namely perinucleolar, cortical alveolar vitellogenic, hyalinized or nucleus breakdown; whereas the testis were classified based on the stage of cists (spermatogonia, spermatocyte, spermatid, or spermatozoon).
As a proxy for the relative abundance of each prey found, we calculated the area (mm 2 ) occupied by each item with graph paper. In order to calculate the area, each item was spread evenly over the Petri dish with no empty space between them and with a standard height of 1 mm. In case of an item with height greater than 1 mm, the item was broken down in smaller pieces in order to maintain the standard height of 1 mm. (Hellawell & Abel, 1971) . When a food item was smaller than 1 mm high, its height was measured. We computed the volume (V) based on the area occupied by the item and its height (area x height). This parameter (V) was expressed in percentage (%V) when calculating the Alimentary Index (IAi) (see below). Additionally, we calculated the frequency of occurrence (expressed in percentage, %F) for each item found in the digestive tract using the formula: %F = N to /N ta x 100, N to = number of tracts in which the item occurred and N ta = number of tracts analyzed (Hyslop, 1980) .
We also employed the Alimentary Index (IAi) proposed by Kawakami & Vazzoler (1980) to compare the diet between gender (male/female) and sexual maturity (immature/mature) groups. This index takes into account not only the %F, but also the volume occupied by the item. The IAi was calculated using the formula: %IAi = %F * %V/Σ(%F * %V) *100, where the (%F * %V) of an item was divided by the sum (%F * %V) of all items. We estimated how many fish were feeding (food consumption) between genders (male/female) and sexual maturity (immature/mature) based on the percentage of fish in the sample with empty stomachs (PES) (Vinson & Angradi, 2011) . Two-way ANOVA was employed to evaluate differences in the average values of food consumption [log 10 (Volume+1)] in relation to gender (with 2 levels: male/female) and sexual maturity (with 2 levels: immature/mature). ANOVA's assumptions of normality and homogeneity of variance were assessed via the Kolmogorov-Smirnov and Cochran tests, respectively (Zar, 1994) .
Results
We analyzed 69 individuals with size ranging from 30 to 255 mm TL, from which, 59 individuals had their gonads microscopically examined. This analysis revealed 28 females and 31 males, with sizes ranging from 50 to 248 mm TL (mean= 137.5, SD= 65.7) and from 49 to 265 mm TL (mean= 141, SD= 65.7), respectively. Mature individuals were more common than immature specimens both for males (64.5%) and females (64.3%). The percentage of mature individuals analyzed were higher during warmer months both for male (45.45% in Autumn and 70.59% in Summer) and female (20% in Autumn and 58.33% in Summer). Only four individuals were analyzed during Winter (3 mature male and 1 immature female).
The inspection of the individuals with food content in their digestive tract (n= 52) revealed a diet comprised of 27 food items of animal and vegetal origins (Table 1) . According to the %IAi, the five most important broad food categories in the diet were Mollusca (38.37%), vascular plants (21.99%), Crustacea (21.92%), detritus (6.58%), and Osteichthyes (6.13%) (Table 1) . When considering lower taxonomic levels, the most important food items in the diet were Gastropoda (37.3%), fragments of vascular plants (15.16%), detritus (10.14%), Amphipoda (9.24%), and fish scales (6.29%). Gastropoda and Ostracoda were the food items with highest contribution in volume to the diet (39.95% and 9.30%, respectively), whereas plant fragments (40.38%), amphipoda (40.38%), fish scales (32.69%), Diptera (30.77%) and seeds (28.85) had higher contribution in terms of frequency of occurrence (%F) (Fig. 2) .
It was possible to observe some differences in the diet composition according to gender and sexual maturity (Table  1) . For instance, regarding immature individuals, males consumed more amphipod (32.73%) than females (0.93%), whereas an opposite pattern occurred for gastropods, which were consumed more heavily by females (39.65%) than males (1.7%). Gastropods consumption also varied among mature individuals, with almost two-fold difference in the IAi values between males (40.64%) and females (22.52%) ( Table 1) .
The PES showed that 43.48% of the all analyzed individuals (n= 69) had empty stomachs. Among groups, mature males had more empty stomachs (65.00%) when compared to immature males (27.27%) and immature (55.56%) and mature females (40%) (Fig. 3a) . Although large variance around mean values precluded statistical significance (p > 0.05), mature females seemed to have greater mean values of food consumption (express in %V) in their tract than mature males (Fig. 3b) .
Discussion
Both animal and plant material contributed to the diet of the pearl Cichlid in the present study, which is in consonance with the omnivorous feeding mode usually assigned for the species (Nomura & Carvalho, 1972; Uieda, 1983; Sabino & Castro, 1990; Abelha & Goulart, 2004) . According to Sabino & Castro (1990) , such feeding mode is corroborated by the morphology of the digestive tract that shows a high ratio between the digestive tube and the fish standard length, which would indicates an adaptation to process hard to digest food like plant material.
Mollusks, vascular plants, crustaceans, and detritus constituted the main food categories in the diet of the pearl cichlid in the present study. Although these broad food categories have also been reported as important in the diet of this species elsewhere, there are noticeable differences among such studies. For instance, in our present study we found that gastropods, vascular plants, detritus, amphipods, and fish scales were the most important food items in the pearl cichlid's diet, whereas other studies reported diptera and cladocera (Uieda, 1983) , detritus (Oliveira & Bennemann, 2005) , detritus and aquatic invertebrates (Loureiro-Crippa & Hahn, 2006) , rotifera and algae (Dias et al., 2005) , insects (Gomiero & Braga, 2008) , mollusks and seeds (Mazzoni & Costa, 2007) as the main food items. Such discrepancies are probably related with the difficult to quantify with precision certain items, which can render over or underestimated values, especially when dietary indices are employed to describe the diet. Alternatively, such differences in the relative importance of food items could simply arise from differences in prey availability across study sites (Winemiller, 1989; Wootton, 1999) . As pointed out by prior studies (Abelha & Goulart, 2004; Mazzoni & Costa, 2007) , the pearl cichlid exhibit marked trophic plasticity and opportunism in prey consumption and, therefore, could exploit the most abundant prey available at each site.
Overall, we did not found marked differences in diet composition between genders (male/female) and sexual maturity (immature/mature) individuals. This general pattern is also reported by Nomura & Carvalho (1972) that had investigated the relationships between the diet, gender and body size of the pearl cichlid. However, we observed differences in the amount of food consumed and percentage of empty stomach (PES) according to gender and sexual maturity. Mature females seemed to have higher amounts of food in their digestive tract when compared with mature males, and mature males had higher PES than mature males.
Such sex based differences in food consumption by mature individuals could be related with gender asymmetry in the energy invested in the development of primary and secondary sexual characteristics. At one hand, it can be hypothesized that females would consume more food than males in order to counterbalance their higher energetic investment in more energy-demanding gametes (eggs), compared to less energy-demanding gametes (sperms) produced by males. According to Meijide et al. (2005) that studied the cichlid Cichlasoma dimerus, ovaries can reach large sizes faster than testes, which had smaller sizes even in advance stages of maturation. At other hand, there are evidences that males invest large amounts of energy in the development of secondary sexual characteristics during reproduction. For instance, during the mating season, the male develops a cephalic protuberance (rich in lipids) that apparently functions in female attraction, which disappears after the mating period (Chellappa et al., 2003) . Alternatively, the explanation for the differential food consumption between female and mature males could be related with parental care behavior. In order to be more successful in this behavior, pearl cichlid males invest more energy in growth, resulting in greater growth rates and larger body sizes than females (Nomura & Carvalho, 1972) . In cichlids, activities involved in parental care can span 3 to 4 weeks and can be extended weeks after the egg's eclosion, when parents protect their fry from predators (Keenleyside, 1991) . Parental care behavior is not yet fully described for the pearl cichlid, especially regarding the role played by each sex in the different phases involved in parental care, like choosing the substrate, nest preparation, territory defense, nest guard and fry protection. Nevertheless, considering the assumption that time invested in the parental care activities is asymmetrical towards males, it is plausible to hypothesize that the lower food consumption (lower PES values) observed in mature males results from the fact that males spend more time guarding the nest and their fry than females and, consequently, have less time available for food foraging.
Future studies encompassing field and laboratory experiments would be necessary to evaluate the proposed hypothesizes in order to distinguish if differential food consumption in mature males and females of the pearl cichlid observed in the present study is associated with the development of primary and secondary sexual characteristics or with asymmetrical time invested in parental care activities. 
